Westminster Hospital, London Rigidity of the thorax in ankylosing spondylitis was first recognized as long ago as 1695, when Bernard Connor described a skeleton showing the characteristic rigidity of the thoracic cage and lumbar spine and concluded that respiration must have been greatly restricted during the life of the unfortunate sufferer. This astute observation remained the only one of its kind until Hilton Fagge (1877) reported on the ankylosis of the ribs with the vertebrae. However, it is only since 1945 that close attention has been paid to the effect of ankylosing spondylitis on the respiratory system.
Involvement of the thorax is one of the essential features which differentiate ankylosing spondylitis from rheumatoid arthritis. For many years the former condition was considered, largely because of histological similarities, to be a form of rheumatoid arthritis, but there is now wide agreement (13th Rheumatism Review, Smyth and 12 others, 1960 ) that the two conditions should be clearly distinguished and regarded as separate clinical entities.
The manner in which the thoracic rigidity occurs is well known. Pathological changes occur in any of the articulations of the thorax, progressing to bony ankylosis. The articulations most commonly affected are those between ribs and vertebrae, ankylosis occurring at both the costo-transverse and costo-vertebral joints. In addition to the changes in the spinal column, involvement of the sterno-manubrial and sterno-clavicular joints also contributes to the rigidity of the thorax. In cases where there is severe kyphosis there is gross deformity as well as rigidity of the thorax. As the disease progresses the respiratory movements become more and more restricted until respiration is almost entirely diaphragmatic. Opinion is divided over the position which the ribs take up when ankylosis occurs, some authors finding this to be in inspiration (Travis, Cook, Julian, Crump, Helliesen, Robin, Bayles, and Burwell, 1960; Zorab, 1960) , others in expiration (12th Rheumatism Review, 1959; Rogan, Needham, and MacDonald, 1955) . This paper is based on a clinical experience of 360 patients suffering from ankylosing spondylitis who have been referred to Westminster Hospital since 1945. Pulmonary function tests have been performed on 22 patients, none of whom was especially selected on account of thoracic involvement. Clinically these patients showed all degrees of severity of the disease. Studies were also made on normal subjects, in whom thoracic stiffness was simulated by the application of a tight corset.
Clinical Features
In our experience thoracic rigidity occurs early in ankylosing spondylitis. Objective evidence of thoracic involvement was found in many patients when they first attended the out-patient clinic. The chest expansion was less than 2 in. in 129 (70 per cent.) of 184 patients when first seen (Hart and Maclagan, 1955) ; other workers have also found thoracic rigidity to be an early feature of the disease (Forestier, Jacqueline, and Rotes-Querol, 1956; Romanus and Yden, 1955) .
Symptoms due to thoracic involvement tend to become less obtrusive as the disease progresses and dyspnoea, except in relation to definite exertion, is an uncommon symptom at any stage of the disease. Ordinary respiratory movements are usually painless, but sudden inspiratory movements on coughing, yawning, or sneezing may cause acute discomfort. In a few patients pain is experienced during normal respiration, especially when the sterno-manubrial joint is involved. This joint may be swollen and acutely tender and pain may persist for months or years. The ribs, sternum, and costal cartilages may be tender, and this has led to a mistaken diagnosis of Tietze's disease (Tietze, 1921) . Ankylosis of the thoracic cage often proceeds insidiously, and we have encountered many patients with greatly reduced chest expansion who have never made a complaint about their chests.
On reviewing the whole series of 360 patients, no undue frequency of lung complications was found. In the first 100 patients who were studied there were three cases of tuberculous pleural effusion, two of active pulmonary tuberculosis, and two of quiescent pulmonary tuberculosis. This early impression led one of us to report an apparent association between ankylosing spondylitis and tuberculosis or other lung infections (Hart, Bogdanovitch, and Nichol, 1950) . Many writers believed that in ankylosing spondylitis there was a predisposition to pulmonary tuberculosis (Dunham and Kautz, 1941; Lea and Abbatt, 1957 (Hart, Robinson, Allchin, and Maclagan, 1949; Hart and others, 1950) .
Pulmonary Function Studies Pulmonary function tests were performed in 22 male patients. One patient was excluded from this study because he had a carcinoma of the bronchus; he underwent lobectomy without any pulmonary complications, but died eight months later of generalized metastases. In none of the remaining 21 patients was there clinical evidence of lung disease. Eleven normal male subjects were also studied before and after the application of a tight corset. All the measurements in both patients and normal subjects were made in the sitting position.
The vital capacity and its two sub-divisions, the inspiratory capacity and the expiratory reserve volume, were measured by conventional spirometry. In all but two patients the functional residual capacity was measured, using a closed circuit helium dilution technique (Meneely and Kaltreider, 1941) ; the residual volume was calculated by subtracting the expiratory reserve volume. All gas volumes were expressed at body temperature and water vapour saturation (B.T.P.S.). The lung compliance was measured in ten patients using the method described by Mead and Whittenberger (1953) .
The results of the investigations in the 21 patients with ankylosing spondylitis and the predicted values for normal subjects of the same age and height are shown in Table I . The predicted vital capacity was derived from the formula of Kory, Callahan, Boren, and Syner (1961) based on height and age, and the predicted lung compliances were derived from the formula of Frank, Mead, Siebens, and Storey (1956) based on height. As a result of kyphosis, flexion of the neck, or ankylosis of the hips, the height of several patients was considerably less than it had been before the onset of their disease. Therefore, whenever patients were able to recall accurately their original height, this was used for the purpose of prediction. The predicted total lung capacity was found from the predicted vital capacity by applying the formula of Baldwin, Cournand, and Richards (1948) . (Wright and McKerrow, 1959) and by measuring the percentage of the forced expiratory volume expired in the first second. These results are shown in Table II . Total thoracic compliance was measured in fifteen patients, using a method which will be described elsewhere. Its principle is to measure the volume change in the resting expiratory level produced by measured increase in the pressure of the air breathed at the mouth. The results, expressed in litres of volume change per cm. water pressure change, are shown in Table II .
The lung volumes and the total thoracic compliance were also estimated in seven normal subjects before and after the application of a corset: these results are shown in Table III (opposite).
Discussion
There was a consistent and significant reduction in the vital capacity of the patients with ankylosing spondylitis. The mean value was 3 -17 litres (S.D. = 0O761), 67 per cent. of the mean predicted value of 4 72 litres (S.D. = 0443; standard error of difference of the means 0 192). Even in two patients (Cases 2 and 17) in whom the disease had begun within the previous 3 years and who were unaware of any chest restriction, the vital capacity was significantly reduced. Since the report by one of us (Hart and others, 1950) of the reduction in vital capacity in ankylosing spondylitis, many other workers have confirmed this finding. Our present study shows that the reduction of vital capacity is due to limitation of inspiratory excursion, whereas expiration is nearly always unimpaired. Thus the Grilliat, 1951; D'Silva, Freeland, and Kazantzis, 1953) . Intra-pulmonary mixing has been measured and found to be normal (Rogan and others, 1955; Renzetti, Nicholas, Dutton, and Jivoff, 1960; Travis and others, 1960) .
Not all workers have found an increase in the residual volume in ankylosing spondylitis. Rogan and others (1955) (1960) and Zorab (1962) indicate that ankylosis of the thoracic cage occurs with the ribs in a position of partial inspiration, the increase in residual vclu'ne and functional residual capacity being a consequence of a rise in the resting expiratory level. This conclusion and the findings on which it is based is therefore in direct disagreement with those of Smyth and others, the editors of the 12th Rheumatism Review (1959), who stated that "the units become fixed in the position of expiration", and "the residual volume remained about normal in mean value".
In our patients the total lung capacity was found to be significantly reduced. The mean value was 5 22 litres (S.D. = 0 839), 84 per cent. of the mean predicted value of 6-24 litres (standard error of difference of the means = 0 224). This reduction in total lung capacity indicates that ankylosing spondylitis is truly a restrictive disorder. Similar findings were reported by Rogan and others (1955) and Renzetti and others (1960) , but Travis and others (1960) and Zorab (1962) found that the total lung capacity was normal or slightly increased. A possible explanation for these contradictory findings may be found in a difference of method in obtaining the predicted values. Travis and others (1960) and Zorab (1962) The pattern of the lung volumes in patients with ankylosing spondylitis stands in sharp contrast to that which was found when normal subjects were tightly corseted. Table III shows that corseting caused a reduction in vital capacity, inspiratory capacity, and total lung capacity, as was expected. In addition, the expiratory reserve volume was reduced by corseting, whereas in the ankylosing spondylitic patients it was normal. No change in the residual volume occurred. These experiments confirm our belief that in ankylosing spondylitis the thorax does not become fixed in a position of expiration, but in a position of partial inflation which cannot be simulated by corseting.
The results for the total thoracic compliances of ankylosing spondylitic patients are shown in Table II .
In Fig. 2 There was no evidence of emphysema or other obstructive airway disease and it was concluded that, in ankylosing spondylitis, the chest wall is not only restricted in its excursion, but is also held in a position of partial inspiration. These changes were in contrast to those found in seven normal subjects when tightly corseted. These normal subjects showed a decrease in both the inspiratory capacity and the expiratory reserve volume and no significant change in the residual volume.
Measurement of the total chest compliance confirmed the presence of increased stiffness of the chest wall in the patients with ankylosing spondylitis. There was no evidence that the lungs were abnormally stiff in ankylosing spondylitis and it was concluded that the reduction in the total compliance was due to rigidity of the thoracic cage.
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